Over the last decade high-quality timber plantations have increased in Europe because 24 of the constant high market price of timber and economical incentives from the EU. 25
ABSTRACT 23
Over the last decade high-quality timber plantations have increased in Europe because 24 of the constant high market price of timber and economical incentives from the EU. 25
These latter are mainly due to timber plantations' role in CO 2 capture. Noble wood 26 plantations have also been established in Mediterranean areas, but many of them suffer 27 from low growth rates due to deficient plantation management and/or non-optimal 28 environmental conditions. Furthermore, little information exists about soil and water 29 management in these plantations and how different soil characteristics may affect 30 management results. In this study, a trial was established in a pure wild cherry 31 plantation under Mediterranean conditions. The trial evaluated the effects that soil type 32 (bad performance versus good performance for woody crops), soil management (soil 33 tillage versus no tillage), irrigation regime (drip irrigation versus no irrigation) and their 34 interactions may have on wood production. Soil water content and the spontaneous 35 vegetation that appeared in the alleys of the no-tillage treatments were also measured. 36 The results showed that sandy-clay-loam soil with a water-holding capacity of 101.5± 37 5.2 mm had 65% more wood volume increase during the study period than sandy-loam 38 soil with a water-holding capacity of 37.9±8.0 mm. Conventional tillage or zero tillage 39 with the presence of spontaneous vegetation did not differ significantly in wood 40 volume increment, regardless of the type of soil. Although soil water content was 41 significantly increased by tillage in sandy-loam soil, this effect was not enough to 42 increase tree wood volume. On the other hand, the application of drip irrigation did 43 increase wood production by up to 50%. Therefore, 10 years less on the plantation's 44 rotation length can be anticipated when applying irrigation: from 40 to 30 years (sandy-45 clay-loam soil) and from 56 to 46 years (sandy-loam soil). 46
In conclusion, deep soil characterization of the site is essential before deciding whether 47 to develop a plantation of this type in areas under soil water content limitations caused 48 by deficient soil structure and texture. In addition, our results show important savings 49 can be made by reducing soil tillage, as less tillage leads to greater ground cover and 50 biodiversity. Further investigations are required to examine how long-lasting the effects 51 are and what other benefits can be expected when this type of plantation is managed in a 52 more sustainable way. 53 54 55
INTRODUCTION 56
Wild cherry tree (Prunus avium L.) is present in most mixed-forest ecosystems with a 57 temperate climate in Eurasia. Poland and Germany are the European countries where its 58 natural area is greater, with about 40,000 ha in each (Ducci et al., 2013) . 59
Wild cherry timber is one of the most highly valued noble woods in Europe and prices 60 can reach up to 1,000 €/m 3 (Loewe et al., 2013; Martinsson, 2001 ). Nowadays, though 61 wild cherry plantations have steadily increased over the last 25 years in Europe, self-62 production is still far away from satisfying the furniture industry's demand (Ducci et al., 63 2013) . 64
The increase in the cultivated area of noble wood has been promoted by reforestation 65 programmes (e.g. EEC Regulation 2080/92), not only because of its economic value, 66 but also due to its roles in improving biodiversity and CO 2 capture and in the 67 diversification of land uses (Cambria and Pierangeli, 2012) . 68
Wild cherry plantations have also been established in Mediterranean areas, though to a 69 lesser extent. Here irrigation is frequently used to confront summer drought (Ducci et 70 al., 2013) . This is especially necessary in soils with low water-retention capacity, as is 71 the case in several places in Spain where plantations have been established (Vilanova, 72 personal communication). Nowadays, many of these plantations suffer low growth rates 73 due to deficient plantation management and/or non-optimal environmental conditions 74 (Aletà and Vilanova, 2014) . 75
Intensive management is normally required for noble wood plantations in 76
Mediterranean regions. Silvicultural guidelines and scientific papers about managing 77 this type of plantation focus on two main aspects: on the one hand, how timber 78 production is affected by pruning or thinning (Cisneros et al., 2006; Kupka, 2007; 79 Springmann et al., 2011) and, on the other, how the mixing of wild cherry trees with 80 other species, in mixed plantations (Kerr, 2004; Loewe et al., 2013) The experimental plantation was located on an alluvial terrace with carbonated alluvial 125 deposits as parent materials (IGME, 1976). Before tree planting, two soil samples 126 revealed two different scenarios of water availability for plants growing there: in the 127 eastern part, a sandy matrix with high gravel and stone content was found, while in the 128 western part a silt matrix with some gravel was observed. (Table S1) . The main characteristics of the soil profiles observed were (see Table 1 for detailed 188 information according to soil depth): i) the gravel and sand content was higher in block 189 1 than in block 3; block 2 was the transitional stage between them; ii) the organic matter 190 content was very low in the topsoil of all blocks; and iii) no soil nutrient deficiencies 191 were observed. The high range of soil texture and gravel content resulted in sharp 192 differences in soil water-holding capacity between blocks 1 and 3 (Figure 1 ). For its 193 part, block 2 showed soil characteristics from the other two blocks and thus higher 194 variability in the soil water-holding capacity of its subplots (Figures 1 and 2) . Volume increment of saleable wood was analysed by analyses of variance and least-213 square mean separation methods, following the above-mentioned split-plot experimental 214 design. The statistical analyses were performed twice: taking into account the three 215 blocks and ruling out block 2, as it had characteristics that were a mix of the other two 216 blocks, thus reducing variability in the data for this heterogonous block. Both the main 217 plot factor (soil management) and the subplot factor (irrigation) had two levels, with 218 block considered a fixed factor. All analyses were computed by the GLM procedure of 219 Statistical Analysis Systems (SAS, 1999) . 220 Biodiversity and the proportions of total cover were subjected to pooled analyses of 251 variance for measurements over time (Gomez and Gomez, 1984) 
RESULTS

263
Meteorological conditions during the experiment 264
Annual rainfall (2011, 2012 and 2013) 
Wood volume increment in the wild cherry trees (WVI) 272
Results from the analysis showed that WVI was mainly affected by irrigation, with 273 volumes up to 50% higher under the irrigation regime than under no irrigation, which 274 highlights the importance of irrigation during stress periods under Mediterranean 275 climate conditions, as was expected (Table 2 ). In contrast, soil management has no 276 significant effect on WVI, although, in the analysis that took into account the three 277 blocks, the block x soil management interaction was highly significant (P=0.0014). The 278 relative importance of the two factors involved in the interaction can be measured by 279 observing the ANOVA performed with only two blocks, where the block effect was 280 significant while the soil management effect was not. The least-square means of the 281 levels of the effects considered in the ANOVAs (Table 3) No significant differences were found in blocks 2 or 3 in the t-student tests (p= 0.55 and 300 p=0.67, respectively), while soil tillage involved higher soil water content in the T 301 treatments of block 1 (p=0.042). 302 303
Spontaneous ruderal vegetation in the NT plots: biodiversity, cover percentage and 304 biomass 305
During the study period, a total of 45 species from 17 botanical families were observed 306 in the permanent quadrats located in NT plots (Table S2 ). The number of taxa and 307 botanical families increased over the three years. 308
Therophytes were the predominant life form (81.4%, or 93% if 5 taxa that are not 309 exclusively therophytes are included). The predominant morphotype was 310 dicotyledonous (86.7%). The specific composition of the plant community made 311 blooming possible throughout the year, but it was particularly important from April to 312 September, when the highest percentages of species at that phenological stage were 313 found (>50%) ( Table S2) . 314
315
As all the sources of variation that affect biodiversity and total ground cover were 316 significant at p<0.05 level except block, ground cover did not differ much between the 317 three blocks in the plantation. The overall mean values were 6.83 for biodiversity and 318 53.78% for total ground cover. The block x time interaction was clearly significant (P< 319 0.0005 in both variables); the evolution of the total ground cover least square means 320 over time showed a similar trend for the three blocks, although the curves were 321 interlaced ( Figure 5) . 322 showed 65% greater wood volume increase during the study period than the trees 340 growing in sandy-loam soils, with a high presence of gravels and thus lower SWHC 341 (37.9±8.0 mm) (block 1) (Table 2, right). However, when also considering data from 342 block 2 in the ANOVA analysis (Table 2 , left), the block effect was not significant. This 343 was because soil in block 2 showed characteristics intermediate between the other two 344 blocks and thus greater variability (SWHC of 68.1±26.3 mm). In consequence, in the 345 ANOVA analysis with the three blocks, the block effect was smaller and the error term 346 was higher, resulting in lower sensitivity to finding significant differences between the 347 two contrasted soils in the timber production of our experimental plantation. hypothesized that other negative factors caused by soil tillage on soil structure were of 383 greater weight in block 1, although they are not sufficient to lead to timber differences. 384
The use of drip irrigation increased wood production in all types of soil studied, with up 385 to 50% higher production under irrigation. This underlines the importance of avoiding 386 soil water deficits if this species is to develop correctly in Mediterranean climate 387 conditions, as expected (Juhász et al., 2013) . This is especially important when 388 assessing the rotation length of the plantation, i.e. the time required for obtaining 389 optimum wood of high quality (diameter of 40 cm at breast height), and thus the 390 economic benefits from the plantation. In this respect, by using diameter growth curves 391 proposed for this species (Cisneros, 2004) , and assuming that the observed differences 392 are maintained during the whole lifespan of the plantation, a reduction of 10 years in 393 rotation length would be expected when applying irrigation. In block 3, this would mean 394 a reduction from 40 to 30 years (non-irrigated versus irrigated trees), whereas at the 395 opposite site, block 1, the reduction would be from 56 to 46 years. 396
397
As soil tillage could be avoided and assuming that our results are maintained from year 398 3 to year 8 (6 years of soil tillage: during the first and second years soil tillage is 399 required, since competition between young trees and spontaneous vegetation is likely to 400 appear), we estimated the cost of dealing with soil tillage. Considering the normal prices 401 in the region for mouldboard (100€ per hour; 3 hours required for the total plantation, 4 402 times per year) and for mowing the spontaneous vegetation (10€ per hour; 4 hours 403 required for the total plantation, 4 times per year), we calculated that an 87% cost 404 reduction could be achieved. This would be greater if the non-significant differences in 405 wood growth are maintained in the future. 406 407
In conclusion, our results indicated that timber production with wild cherry trees is 408 greatly affected by the water available in soil. Therefore, the deep soil of the site has to 409 be characterised before a decision can be taken on whether a plantation of this type 410 could be developed in areas under soil water-content limitations, such as block 1. 411
Furthermore, drip irrigation gave higher timber production in all the soils studied, which 412 could reduce rotation length by 10 years. Thus, this aspect should be carefully evaluated 413 when the economic aspects of a plantation of this type are being assessed. However, in 414 the short term, wood yield was not affected by soil tillage, as observed in other tree 415 plantations, which suggests that less intense soil management would be possible in these 416
plantations. This would also occasion environmental benefits such as the increased 417 biodiversity of plant ground communities. Further studies of this type of plantation are 418 required, to examine other questions, such as how long effects last (i.e., is the lack of 419 effect of soil tillage on wood volume maintained during the whole lifespan of the 420 plantation?), the different effects of soil tillage on soil water content depending on the 421 
